Queen’s House from Lincoln’s inn Fields. 
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hat does 


Relation Between Excess Air and Products of Combustion 
From “ Principles of Combustion In the Steam Boiler Furnace"’ by A. D. Pratt 
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PRODUCTS OF COMBUSTION IN POUNDS PER POUND OF FUEL 


Relation Between Excess Air and CO, ROM the above chart it will be seen that when burning 
from ™ Principles of Combustion in the Steam Boiler Furnace’ by A.D Pratt 


TT. 7 > | Ib. of coal, an increase from 20% to 100% excess air means 
wf 7 4 . that the weight of the products of combustion is increased by 
x approximately 8} Ib. 
PAR Al gs 3 Our previous advertisement showed that this increase in excess 
yi A Z air involved an increase in the weight of air for combustion by 
the same amount. Thus the forced draught and the induced 
7 draught fans together must handle approximately 17 lb. more 
| 40 air and products of combustion than that necessary for efficient 
| combustion. 

A00, T | In the case of a boiler for 175,000 Ib. of steam per hour, with 20% 
TOC | T excess air the fan motors would be rated at 196 h.p., which 
Te ties would be increased at 100% excess air to 875 h.p.. thus involving 

CO, PER CENT BY VOLUME IN FLUE GASES an increase in electrical input to the motor terminals of 570 KW. 

Relation Between Excess Air and Air Weight Assuming 20 hours per day and 300 days per year, at 3d. per 

KWH this unnecessary expenditure in fan power amounts to 

£7,130 per annum, which in itself is more than sufficient to pay 

“ry N oN for a Bailey furnace. This sum capitalised at 4% interest for 

- \ 20 years amounts to over £212,000. Bailey furnace construction 

\ permits operation with minimum excess air over a very wide 

\ ae! | | XI IN range of load, so that the saving in fan power debit alone gives 
NX a very handsome return on capital invested. 

N NA Criticism might be made that the limits are too wide in the 

STN foregoing example, but even if operation is assumed with 60% 

0 \\ N excess air, then the unnecessary fan power expenditure is £2,840 

\\ N N per annum, which when capitalised amounts to £84,570. However, 

\ \ ATTN when it is realised that this fan power debit is one of the smallest 

es ‘5 N items entering into the balance sheet, it will be obvious that Bailey 

AIR_WEIGHT_IN_ POUNDS PER POUND OF FUEL which can be installed. 

; ; (For convenience we reproduce the charts from our Nos. | and 2 

This is the third of a series of three advertisements in this series, showing the relationship between excess 
advertisements. air and CO and weight of air for combustion.) 
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technical care 
—and 
experience 


““LINAPEX” VARNISHED CLOTHS “ FORMAPEX” MIOCARTA SHEETS 
AND TAPES, Grade |, B.S.S 547- P.F. 
Straight Cut, Bias Cut. Seamless and stitched. 316. 
“LINAPEX” VARNISHED- SILKS “FORMAPEX” MIOCARTA TUBES. 
AND TAPES. Wrapped P.G. Moulded P.P. 
“LINAPEX” OILED PAPERS. “FORMAPEX” VARNISHED PAPERS 
For Telephone Insulation etc. B Quality. Coated for wrapped tubes. 


L Quality. impregnated for moulded tubes, etc. 


Write for Booklets on Insulation—post free. 


THE 10C0 RUBBER &WATERPROOFING Co. Ltp. 
GLASGOW. 
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A New Word 


in the 


TRU-WEL— this is a name destined to find its way into 
the daily vocabulary of engineers, architects and industry 
generally. 

It is the new name given to the electrically welded steel 
tubes made by Tube Products Limited. Untiring research 
and exacting tests have brought the electrically we'ded 
steel tube to a new standard of technical accuracy. 
When materials are generally available again those out- 
standing structural qualities, high concentricity, good 
surface and easy manipulation, will again be at the call 
of the designer and engineer, at low cost. The coming 
of peace will bring new industries and transform old. 
Tru-wel Tubes will be ready —a vita! unit in the reshap- 
ing and rebuilding of the world to come. 


TUBES 


THE STEEL TUBES ADVISORY CENTRE OF TUBE INVESTMENTS LTD., ASTON, BIRMINGHAM 


bb 


a Z 
) * 
| 
On 
Pug 
* 
a 
J... 
+ 
4 Weldeg Ely 4 ! 
j 
4 
i: 


THE ENGLISH ELECTRIC JOURNAL December, 1941 


Greater mobility, 


speed, comfort, silence and safety, point 
to ‘A.E.C.—English Electric’ trolley buses 
as the logical means of modernising existing 
electric systems for public transport work. 


TROLLEY BUS OPERATORS INCLUDE— 


HOME: Belfast, Birmingham, Bradford, Cardiff, Darlington, 
Hastings, Huddersfield, London, Newcastle, Nottingham, 
Notts & Derby Traction Co., Portsmouth, Reading, Rotherham, 
Southend, Walsall. 


OVERSEAS: Adelaide (South Australia), Durban, Johannesburg 
(South Africa), Montreal, Edmonton (Canada), Sydney (New 
South Wales), Moscow (U.S.S.R.), Qdense (Denmark). 


THE ENGLISH ELECTRIC CO. LTD., STAFFORD. 
THE ASSOCIATED EQUIPMENT CO. LTD., SOUTHALL, MIDDX. 
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Photograph byzcourtesy_of the English Electric Co. Ltd. and the Yorkshire Electric 


STERLING INDUSTRIAL PAINTS 


Suitable for use on 
Transformers 
Switchgear 
Kiosks, etc. 


We should like to draw your attention to 
the STERLING THREE-COAT PROCESS which 
is suitable for outside gear of all types. 


Please write for descriptive leaflet. 


STERLING INSULATING VARNISHES— 


Supreme since 1891. 


THE STERLING VARNISH COMPANY, LIMITED 
Fraser Road, Trafford Park, 
Manchester 17. 


Telephone: TRAfford Park 2231. 
Telegrams : ‘* Dielectric’’ Manchester. 


“LION” 


The ‘KING’ of PACKINGS 


indicates 
significant leadership 


DESIGN 


for 


Modern Packing and 
Jointing requirements 


is our 
CATALOGUE No. H6 FREE ON REQUEST responsibility 
We are at your service 


Telephone: WOKING~2432 


WOKING, suRREY Telegrams “ LIONCELLE” WOKING 
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MORE LIGHT 


in a new form 


YOU CAN HAVE ABUNDANT LIGHT OF 
DAYLIGHT QUALITY ALL THE TIME 
AT LOW RUNNING COST 


__ FITTINGS FOR USE WITH 
SIERAY FLUORESCENT TUBES 


CHANNEL FITTING — 
For Wall or Ceiling fixing 


DISTRIBUTING TYPE REFLECTOK 


for close ceiling fixing or 
SiEMENS Chain suspension 
DISPERSIVE TYPE REFLECTOR 
Chain Suspension 
DISPERSIVE TYPE REFLECTOR 


with housing for all auxiliary 
gear. Chain suspension 


DISPERSIVE TYPE REFLECTOR 
with housing for starter switch 
and radio suppression condenser 
only Chain suspension 


Provides light of DAYLIGHT 
QUALITY with an efficiency ; 
approximately THREE times Stang, OTHER 


that of an ordinary gasfilled 
lamp of comparable wattage. wells fo, Radio” 

i Ss, n in 
Its cool in operation and Bs "Pose, 
the surface brightness is of a Accs. Ory 
low order. (Consumption 80 


Write for list number 976. 


SIEMENS ELECTRIC LAMPS AND SUPPLIES LTD., 38-9, UPPER THAMES STREET, LONDON, E.C.4. 
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The fact that goods made of raw 
materials in short supply owing to 
war conditions are advertised or de- 
scribed in this journal should not be 
taken as an indication that they are 
necessarily available for export. 
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EDITORIAL. 


In April of this year Mr. C. E. Fairburn, 
Deputy Chief Mechanical Engineer and 
Electrical Engineer of the London Midland 
and Scottish Railway Company, read before 
the Institution of Locomotive Engineers 
a Paper on Diesel Shunting Locomotives, 
and by the courtesy of Mr. Fairburn and 
of the Institution, we are able in the first 
article in this issue to publish some 
extracts from the Paper. The L.MS. 
Railway Company have had operating 
experience on such locomotives extending 
over several years, and hence the informa- 
tion given by Mr. Fairburn is of unusual 
interest. Until now operating data on 
this subject has been obtainable only from 
foreign sources, where conditions are often 
quite dissimilar from those in this country. 


Much of the data published in the Paper 
relates to the operating results of loco- 
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motives with “ English Electric ’ 


engines 
and electrical gear. The L.M.S. Company 
have a number of these locomotives in 
service. 


In the second article Mr. J. T. Moore 
describes a 500 kW quick-starting Turbine 
unit for emergency use which the English 
Electric Company have supplied for a 
large power station overseas. In_ this 
country, in normal times, the need for 
house and emergency sets had decreased, 
owing to the interconnection of power 
stations via the Grid, but in present-day 
conditions occasion may arise when an 
outside supply is not available for re- 
starting after a complete shut-down and 
a special emergency unit may be of great 
service. Such sets can be arranged to 
run up to speed automatically on the 
failure of the supply, or by means of 
remote control from the main control 
room. 


It is to be noted that during tests at 
the Company’s Works the set described 
ran up to speed and was under the control 
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of the turbine governor in the remarkably 
short time of thirty-six seconds. 

In the third article Mr. H. L. Bazalgette 
describes the “ English Electric ” Stream- 
line Diffusing Discharge Regulator. With 
this regulator large quantities of water 
can be discharged from storage reservoirs 
and the like without danger of erosion 
of the bed of the river or channel into 
which the water is discharged. The 
article deals with the action of the regulator, 
its construction and the various methods 
of operation and is accompanied by a 
number of illustrations showing the regu- 
lator in operation on dams overseas. 

Nomograms in Engineering,” by Mr. 
L. C. Hookins, are the subject of our 
concluding article. They are extremely 
useful for the rapid solution of frequently- 
used formulae, and particularly of those 
containing more than two variables. The 
author explains the construction and use 
of nomograms of this type by means of 
practical examples. A number of charts 


for the solution of various formulae are 
reproduced. 


~ Begs: 
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Diesel-Electric Shunting Locomotives. 


Extract of Paper read before the Institution of Locomotive Engineers, 30th April, 1941, by 
C. EB. Fairburn, M.A., M1.Loco.E., Deputy Chief Mechanical Engineer and Electrical 
Engineer, London Midland and Scottish Railway Company. 


(With notes by H. H. Andrews, M.J1.Loco.E., Assistant Manager, Traction Department, 


The English Electric Company, Ltd.) 


The use of Diesel-electric propulsion on British 
Railways is almost entirely confined at present 
to shunting operations. It is characteristic that 
British Railways have elected to obtain their 
first experience of this type of drive by operation 
in a service for which it presents many natural 
advantages. Operation has now taken place over 
a period of several years and data on performance 
and maintenance is commencing to accumulate. 
Whilst at the moment every British Railway has 
in operation or under construction Diesel-electric 
shunters, in varying quantities, the L.M.S.R. 
alone has made very considerable development in 
this connection. Following on experiments which 
started in 1931 with 8 different types of mechanical 
transmission, which did not fulfil the required 
services, two Diesel-electric units were put into 
operation in 1934. As a result of the experience 
gained with these, 20 more went into operation in 
1936, an additional 20 in 1939, and a further 20 
are now on the point of completion. The Railway 
has, therefore, available operating data for a 
considerable number of Diesel-electric shunters 
for periods varying from two to five years, apart 
from the experimental locomotives. 

Of the locomotives mentioned, one of the 1934 
class, ten of the 1936 class and all the succeeding 
locomotives are equipped with ** English Electric” 
350 H.P. Diesel engines and electrical equipment. 
The operational data collected by the L.M.S.R. 
is of the first importance and was made available 
to Engineers in the Paper read by Mr. C. E. 
Fairburn, Deputy Chief Mechanical Engineer 


and Electrical Engineer of the Railway before 
the Institution of Locomotive Engineers on April 
30th, 1941. By the courtesy of Mr. Fairburn and 
the Institution, we are permitted to reproduce 
extracts from the Paper. 

Shunting locomotives have to undertake a 
variety of duties according to the use on which 
they are employed, but to ensure general avail- 
ability they are all built to a specification which 
enables them to operate on the most arduous 
services. The following extract from Mr. 
Fairburn’s Paper gives a picture of the work in a 
heavy duty yard :— 

“With the completion of over 40 
electric locomotives it became possible to assess 
their with reasonable accuracy. 
Attempts were made, as far as possible, to con- 
centrate them at a few yards where continuous 
shifts were in operation. This made it possible 
to take full advantage of their availability and to 
place their maintenance on an adequate basis 
without employing a large special staff. 

‘ Perhaps the most interesting use is that made 
at the Toton Down sidings which have recently 
been mechanised. 


Diesel- 


performance 


The lines there are shown on a 
single line diagram in Fig. 1. Trains, largely of 
empty mineral wagons, are broken up as they 
pass over the hump, and the wagons, cither 
singly or in small groups, run by gravity on to 
one of the lines of one of the four * fans” of 
sidings. 

‘ According to the wagons’ destination the 
King, Queen and Jack points are set electrically 
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ARRIVAL LINES 


S. 
TOTON DOWN SIDINGS 


spare. ‘This gives a 
higher ratio of spare to 
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SOUTH END 


Conrroy Tower 


service locomotives than 
is necessary, and some- 
what better figures would 
be obtained if a larger 
number of units were in 


Roao N* I ro 18 
EER Fan Ne 


use there. 
“Over a period of 
twelve months the 


average number of hours 


Low Lever Reception Lines 


each locomotive has been 
in service represents 70 
per cent. of that period, 
The 


viz., 8,760 hours. 


locomotives were actu- 


Fig. 1.—Layout of Toton 


from the hump room and the siding points are 
similarly set from the Control Tower. The four 
rail brakes between the Queen and Jack points 
which control the speed of the wagons, are also 
operated from the Control Tower. The co- 
ordination between the various operations is 
effected by a loud-speaker system, and there is a 
special form of teleprinter operating between the 
hump room and the Control Tower to give the 
destination of the wagons. Normally there are 
six Diesels stationed at Toton and these deal with 
all the work on the down sidings, also with a 
non-mechanised hump on the up sidings and with 
certain ordinary shunting duties. They are 
usually in service for 18 shifts of eight hours per 
week. One shift is sufficient for the normal 
weekly examination of a locomotive.” 

It will be noted that 18 shifts of 8 hours per 
week represent six days continuous working, with 
one day off, so that the working factor is 85.7 per 
cent. While this figure is satisfactory, it does 
not represent the full availability of the Diesel- 
electric shunter, as will be seen from the following 
quotation :— 

“As an example of the results obtained, the 
following figures have been compiled from records 
taken at Toton where the use of Diesel loco- 
motives has already been mentioned. Of the 
six units stationed there, one is regarded as a 


Down Sidings, L.M.S. Railway. 


ally available for service 
for 87 per cent. of the 
period. The theoretical 
technical availability on the basis of the 
maintenance procedure then in force was 93 per 
cent. On the basis of the revised maintenance 
procedure now adopted the theoretical technical 
availability will be 96 per cent. 

‘The difference between the theoretical and 
the actual technical availability is due to with- 
drawals from service owing to breakdown and to 
delays in completing overhauls. 

‘* Despite additional costs incurred due to the 
introduction of the Diesel on to a steam system 
and to the necessity for building up an organisa- 
tion to deal with relatively small numbers of a 
new type of machine, Diesel locomotives have 
justified themselves financially in the particular 
intensive services where they have been used.” 

The question that is most frequently asked 
about Diesel-electric equipment is : ‘‘ What is the 
cost of maintenance ?”’ It is no real satisfaction 
either to a prospective user or to the manufac- 
turer to provide theoretical figures of life and cost 
of maintenance, and only an operator such as the 
L.M.S.R. can collect and publish data in sufficient 
detail over a long period which can be considered 
as reliable. Mr. Fairburn’s statement on this 
subject should therefore be of special importance. 

‘“ Locomotive maintenance is divided into 


work consisting largely of periodical examinations 
carried out at the running sheds and main over- 
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hauls carried out at a principal works. In both 
cases the procedure centres round the Diesel 
engine itself. 

‘“ The Jackshaft, coupling rods, axleboxes, etc., 
are items with which the Railway Company is 
familiar and their maintenance entails no diffi- 
culties and little expense. 

“The electric transmission equipment is simi- 
larly familiar and its maintenance follows lines 
laid down for electric equipment on rolling stock. 
The brush gear and commutators of the generator 
and motor require only infrequent inspection. 
The control gear is simple and there are few 
contacts which break current, although they may 
do this a large number of times during a day’s 
work. The equipment has given little trouble as, 
indeed, should be the case. 

“ The engine, however, may be running almost 
continuously throughout the week, and though 
the actual distance covered by a locomotive may 
be only about 30 miles per day, the engine may 
make 500,000 revolutions during this time. For 
only a very small part of this time is full load 
demanded and the average h.p. may be only 
about 30 per cent. of the full rated load. But the 
load and the speed of the engine are varying 
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continuously and rapidly and such service is more 
severe than steady running at higher load and 
speed. 

** Appendix II gives the present maintenance 
schedule for the mechanical and electrical equip- 
ment. There is no doubt that many of the periods 
could be considerably extended and this is being 
done gradually where experience shows that it is 
safe to do so, but it will be appreciated that it is 
better in a new venture of this kind to be on the 
safe side. 


APPENDIX IL. 


* Maintenance Schedule. 
** Daily Maintenance.—The driver is responsible 
for superficial examination, checking oil levels, 
operation of sanding gear, etc., and lubricating 
the motion. 
* Running Shed Maintenance. 


This is divided 


into two sections :—(a) Electric equipment 
under the C.M.E. and E.E. Department ; 
(b) Mechanical equipment under the Motive 


Power Department. 
* Electric equipment maintenance comprises :— 
‘1. Fortnightly and 
lubrication of controls, relays, contactors, 


examination, cleaning 


Fig. 2.—L.M.S. Railway Diesel-electric Locomotive. 
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engine change speed gear, and dead man’s 
treadle. Battery pilot cells are examined 
and the battery topped up when necessary. 
‘2. An 800-1,000 mile examination of motor 
and generator brush gear and commu- 
tators, checking of tightness of terminals, 
etc., and blowing out machine windings. 
Lead acid batteries are cleaned and greased 
Alkaline 
batteries are examined and greased. 
A 2,400-3,000 mile greasing of motor and 
generator bearings. 


and specific gravities recorded. 


“ Mechanical maintenance comprises :— 

“1. Weekly making-up of oil levels in fuel 
tanks, engine, air compressor and ex- 
hauster sumps. Filling of grease cups, 

checking of engine lubricating system. 

General examination of locomotive and 
auxiliaries and adjustment when necessary 
of engine valve gear and locomotive brake 
gear. Draining of water from air reservoirs, 
and filling up of engine cooling system, 
cleaning of lubricating oil filters. 

‘2. An 800-1,000 mile’ checking of 
clearances, examination of main and big- 


valve 


end bearings, checking of oil flow from 
bearings and examination of lubricating 
oil pipes, testing of fuel injectors and 
greasing of nipples on brake gear and 
locomotive auxiliaries 

‘3. A 
shaft bearings, valve operating gear, in- 


2,400-3,000 mile examination of cam- 


cluding its lubrication system, road wheels 
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and tyres. Removal of caged exhaust 
valves and re-grinding. Draining, cleaning 
and refilling of engine sump, lubrication of 
air brake cylinders. 

A 4,800-6,000 mile examination of engine 
auxiliary chain drives, removal and_ re- 
grinding if of inlet 
Checking of crankshaft alignment. 
ing and refilling of compressor and ex- 
{xamination of side rod 
Ex- 


amination and cleaning of air valves in 


valves. 
Drain- 


necessary 


hauster sumps. 
bearings and locomotive drawgear. 


dead man’s device. 

Norr.—Mileage figures throughout the Paper 
are actual miles as recorded by a milometer fitted 
to each locomotive. 

* Careful measurements of wear 
taken. Fig 3 shows results obtained with cylinder 
liners. It has not yet been possible to establish 
average quantitative results. It must be appre- 
ciated that there are several variables which affect 
rates of wear. These variables, the influence of 
which has not yet been determined, are the 
materials of the liners, pistons and rings, the 
composition of the lubricating oil, the means of 
maintaining the purity of the oil, ete. Similar 
measurements are being taken of wear on other 
parts of the Diesel engines. 

‘General overhauls are at present made at 
intervals of about 15,000 miles; this will shortly 
be increased, probably to 20,000 miles or more. 
The amount of work overhaul 
depends upon the condition of the locomotive 

and particularly of the 
engine. All wearing sur- 


are being 


done at each 


DEPTH AT WHICH 
DIAMETER A’ 
MEASURED 


faces are examined, 
alignments checked, ete., 


and when the locomotive 


is returned to service it 


| | TYPE - 
4 | TYPE 6LTO 

‘tically new con- 

0-05 is in practically new con 

i | TYPICAL CASE I 
04 (ALUMINIUM PISTONS 

ActuaL 004 UM ONS) dition. In judging the 
WEAR ON 0:05 + ~ TYPE — 6k state of the engine the 

DIAMETER 0-02} Va CASE | cast crankshaft alignment. is 
A_— INCHES 0-01 | IRON taken as the most im- 

0-00 coon case portant single indication 
° 4 8 


RUNNING TIME 


— Hours x 1000 


and it largely determines 


whether or not the 


Fig, 3. 


Graph showing cylinder liner wear. 


engine generator unit is 
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the locomotive frame. An 
increase in liner diameter of 0.040 in. is allowed 
before the liner is replaced.” 

In dealing with the period between overhauls 
and the various periods between examinations all 
the references have been given in miles. To 
appreciate what this means, it is necessary to 


removed — from 


keep in mind the very low average speed of 
shunting operations. It has been railway practice 
to take these operations at a statutory 5 m.p.h. 
basis when making up annual returns, but it is 
common knowledge that this is far higher than 
the true figure. The records taken on the Diesel 
shunters show that they work on an all-in figure 
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of 1} m.p.h. This is not a figure peculiar to the 
Diesel shunters and as Mr. Fairburn pointed out 
in the discussion following his Paper it also 
represented the average speed of the steam 
shunters. 

Translating the mileage figures into hours, 
1,000 miles represents 800 hours or 334 days, so 
that 20,000 miles between overhauls means a 
service of 666 working days or approximately 
2 years in total time. 

The strong probability that this figure will be 
considerably extended gives a fair indication of 
the reliability and low maintenance costs of the 
Diesel-electric shunting locomotive. 


A 500 kW. Quick-Starting Steam Turbine Unit for 
fmergency Use. 


By J. T. MOORE, B.Sc., A.R.T.C., A.M.Inst.C.E., A.M.I.Mar.E., Steam Turbine De partment 


Before 
stations 


the interconnection of steam 
under the “Grid” System, it was 
necessary in all stations to have some form of 
emergency power supply to auxiliaries for use 
when starting up or getting away again as soon 
as possible after a complete shut-down. In most 
cases this took the form of a small house-unit 
which could be started up on both the boiler 
and turbine sides without any auxiliary electrical 
power, and thus supply the power for essential 
auxiliaries to raise and maintain sufficient head 
of steam to run up one of the larger sets in the 
station. In other 


power 


vases one of the smaller sets 
in the station which might otherwise have been 
taken out was retained and adapted to serve 
as a house-set in emergency, as under such 
conditions its efficiency was not of great import- 
ance, and an old machine suitably modified served 
the well. Such sets were generally 
started up non-condensing to supply essential 


purpose 


auxiliaries, and later changed over to condensing 
operation when cooling water supplies became 
available. 

With the interconnection of power stations, 


there was made available, under normal circum- 
stances, an alternative or outside source of power 
for starting up auxiliaries even when the station 
had been completely shut down, and in most 
large stations it is now common practice to keep 
a proportion of the auxiliaries running from the 
outside supply. This reduces the possibilities of 
an unintentional shut-down, while if the station 
has to be started up from a complete shut-down, 
the external source of power makes this a simple 
matter. 

The need for house-sets and emergency sets 
has, therefore, decreased very much in stations 
interconnected with other sources of supply, 
more especially as many stations can link up 
permanently, or reasonably quickly in case of 
need, with a second external supply. The occa- 
sion may arise, however, where a total shut-down 
takes place in a station and, possibly as a result 
of the shut-down, no power is obtainable from 


outside source. ‘To start up a turbo set 


any 
under such conditions means the raising of a 
head of steam in a boiler without any auxiliary 
power, and the running up on atmosphere, in 
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most cases, of one of the smaller sets in the station 
to obtain sufficient power for the boiler fans and 
stokers, and the condenser pumps. While in the 
majority of stations containing a proportion of 
older, and as a rule small units, this is generally 
possible in order to put into service one of the 
larger units, the modern station with only large 
units is faced with the possibility of not being 
able with safety to start up from a total shut-down 
without an external power supply for auxiliaries. 
Such stations must accordingly have some form 
of emergency unit to take 
contingency. 


care of such a 

The larger the station, the greater is the need 
for preventing an involuntary total shut-down, 
and a simultaneous 
removal of all outside sources of supply, still 
greater is the necessity for getting the plant back 
into service with the minimum loss of time. In 
the smaller stations, on the other hand, there is 
not the same necessity, relatively, for getting 


if this should occur with 


away again immediately and the longer time 
required to start up one of the small sets in the 
station is generally not so’serious. 

For these reasons, the provision of special 
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emergency units is confined mainly to the larger 
stations in this country, to stations at one end 
of a long supply line, or to stations not inter- 
connected with other stations, as happens more 
often abroad. 

High thermal efficiency not being of first 
importance, steam emergency units for the 
purposes outlined are generally designed for 
exhausting to atmosphere in order to obtain 
quick starting. 
arranged that the unit is run up to speed auto- 
matically on failure of the main supply to the 
auxiliaries on the boilers and turbines, or as in 


In some cases the control is so 


the majority of cases, the unit is arranged to be 
started up by means of remote control from the 
main control room or from any other suitable 
control point. Equally, oi! engine driven units 
can be arranged for emergency use in a similar 
manner, and a number of both types have been 
supplied by the Company for use in iarge power 
stations both in this country and overseas. 

An emergency quick-starting turbo set of the 
type referred to, and illustrated in Fig. 1, was 
supplied in 1935 for a station in this country, 
which was located at the end of a long supply 


Fig. 1.—300 kW., 3,000 r.p.m. quick-starting emergency Turbo-alternator Set. 
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Fig. 2. 


line, The unit, of 300 kW. capacity, was arranged 
for automatic starting in the event of a failure 
of the supply to the main in the 
station. The set comprised simply a 3,000 r.p.m. 
alternator with extended shaft-end on which was 


auxiliaries 


mounted, overhung, a_ velocity compounded 
turbine wheel. Designed for exhausting to 


atmosphere, the turbine was very suitable for 
quick starting, and in service it was found that 
it could be run up to speed in a matter of 30 
seconds. 

More recently the Company have completed 
the manufacture and testing of a 500 kW. emer- 


gency quick-starting unit for a large power 
station overseas where there was no_ inter- 
connection with external sources of supply. 


Although this station contains a number of 


comparatively small turbo-sets, one of which in 
emergency could have been started up without 
power for its auxiliaries, the time which this 
operation would have required in the event of a 
total shut-down might have had serious conse- 
quences in the process plant associated with the 
station. For this reason it was essential to reduce 
to a minimum the period of any inadvertent total 
shut-down, and the new 500 kW. emergency unit 
has been designed specially for entirely automatic 
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500 6,000/1,500 r.p.m. quick-starting emergency Turbo-alternator Set 
on test at the Company's Works. 


operation by remote contrel, and for running up 
to full speed in the shortest possible time. 

Fig. 2 illustrates the turbo-set on test at works 
before despatch, complete with its accessory 
equipment. The turbine, of the impulse type, is 
designed to take steam at a pressure of up to 
200 Ib./sq. in. and 750 deg. F. total temperature, 
and runs at a speed of 6,000 r.p.m. driving the 
alternator, through reduction gearing, at a speed 
of 1,500 r.p.m. The alternator, of the salient 
pole type, is designed for a three-phase, 50-cycle 
supply, and is complete with exciter mounted 
overhung on the extended alternator shaft. A 
flexible coupling is provided between turbine and 
gear pinion, but the alternator rotor is solidly 
coupled to the slow-speed gear wheel, the weight 
of the rotor being shared between the main gear 
bearing and the alternator outboard bearing. The 
turbine being of the impulse type, with only one 
velocity compounded stage as shown in Fig. 3, large 
blade clearances can be allowed without undue 
sacrifice of efficiency and, with all high steam 
pressures and temperatures confined to the nozzle 
belt before the main nozzles, the unit is particu- 
larly suited for quick starting without distortion of 
the turbine casing and consequent mis-alignment 


troubles. The turbine shaft glands, of the 
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Fig. 3. 


labyrinth type in which there are no rubbing 
parts, are fitted with a small steam jet ejector 
which comes into operation automatically on the 
main steam valves opening. The ejector with- 
draws the leakage steam from the glands and 
discharges to the turbine exhaust branch, thus 
avoiding any leakage of gland steam into the 
engine-room. Apart, therefore, from the closing 
of drain valves once the turbine is up to normal 
temperature and the routine inspection of bearing 
temperatures, etc., the unit requires no attention 
in service. 

Starting is effected by remote control from a 
special panel in the main control room. The 
small amount of auxiliary power required for 
starting is provided from the station storage 
battery system, but in the unlikely event of 
even this supply being unavailable, the unit can 
still be started up by hand from the turbine 
platform by using the steam-driven auxiliary oil 
pump provided to cover such a contingency. 

The complete control system is shown in Fig. 4 
from which it will be noted that control of the 
various sequences of operations is effected by 
oil under pressure supplied, in normal circum- 


500 kW., quick-starting emergency Turbo-alternator Set with the top 
half turbine casing removed and showing design of turbine rotor. 
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stances, from a motor-driven oil 
pump on starting up, and main- 
tained, when the unit is up to 
speed, by the main gear oil 
pump driven from the turbine 
shaft. The panel in the main 
control room 
addition to an electrical speed 
indicator actuated from a 
tachometer generator on the 
turbine, the starting switch for 
the motor-driven oil pump, 
with three positions marked 
* Hand,” * Off” and * Auto,” 
and a red and a green signal 


contains, in 


lamp. 
On starting, the main steam 
and cooling water isolating 


valves on the set being always 
open, the motor switch is turned 
to the Hand” position. The 
pump starts up, the red signal 
lamp lights up and as soon as 
the oil pressure has built up sufficiently 
high, the pressure commences to lift the 
oil-pressure controlled emergency stop valve and 
the main throttle valve controlling the supply 
of steam to the turbine. At the same time the 


oil pressure opens an_ oil-pressure controlled 
water-admission valve to the oil cooler. The 


turbine begins to turn as soon as the steam 
emergency and throttle valves leave their seats 
and full speed is reached within about half a 
minute from the motor-driven oil pump starting 
up. When full speed has been attained the 
turbine governor takes control and maintains the 
speed constant. The speed of the set, should it 
be necessary, can be adjusted by remote control 
of the governor speedermotor, and in the same 
way the unit can be paralleled with any supply 
available later. 

When the turbine is running steadily under the 
control of the governor, the switch of the motor- 
driven pump is turned through the “ Off” 
position to ** Auto,” when, providing the main 
gear oil pump driven from the turbine is func- 
tioning properly, the motor-driven pump shuts 
down, the red signal lamp is extinguished, and the 
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Diagram of oil-pressure operated control gear on 500 kW., quick-starting emergency 


Turbo-alternator set. 


green lamp lights up. The motor-driven oil pump 
is then in a position to start up automatically 
should the relay oil pressure fall below normal. 

In normal circumstances the steam-driven oil 
pump provided as standby is isolated from the 
main steam supply and therefore inoperative, 
but, with hand control, it can be used for starting 
and when stopping the set, should the motor- 
driven oil pump be out of service or fail to function 
when required. 

For shutting down the set from the control 
panel, a “‘ Stop” button is provided which causes 
a solenoid fitted to the turbine emergency trip 
to be energised and thus trips the set. Equally 
the emergency trip can be operated by hand 
from the turbine platform. 

Before despatch from works the set with its 
control equipment, oil pumps, ete., was erected 
and tested under its designed steam conditions, 
and numerous tests of starting up periods have 
been averaged in the curve shown in Fig. 5. 


6200 
4000: 
2000: 
B 
15 36 


TIME -(SECS) 


Fig. 5.—Speed-Time Curve on starting 500 kW. 

quick-starting Emergency Turbo-alternator Set. 
A.—Motor-driven oil pump started up. 
B.—Main steam control valves commence to open. 


C'.— Main turbine governor takes control. 
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From the moment of starting the motor-driven 
oil pump, about fifteen seconds was required for 
the pump to generate sufficient pressure to open 
the main steam control valves, and the unit was 
up to speed and under the control of the turbine 
governor within the remarkably short time of 


thirty-six seconds. Even under such onerous 
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starting conditions, the balance and running of 
the set was very satisfactory. 

The provision of such quick-starting emergency 
units in large stations is well justified under 
peace-time but under the more 
exacting conditions of to-day, their value cannot 
be over-emphasised. 


conditions, 


Streamline Diffusing Discharge Regulators. 


By H. L. BAZALGETTE, A.C.G.1., A.M.Inst.C.E., A.M.I.E.E. 


Fig. 1—* English Electric’’ Discharge Regulator in operation on a Dam in Australia. 


The problem of destroying the harmful energy 
in powerful streams of water has exercised the 
minds of engineers for many years and_ the 
English Electric Company can claim to be 
pioneers in its solution since they supplied 
streamline diffusing discharge regulators of their 
design as long ago as 1924. 

As designers and manufacturers of water 
turbines the Company have had much experience 


in the construction of the turbine relief valve, 
the primary purpose of which is to discharge large 
quantities of water into the tailrace without 
endangering the Power House foundations, and 
for this duty a design was evolved and patented 
by which the energy of the jet was destroyed by 
transforming it into a hollow cone as it leaves 
the discharge regulator. 

It was but a short step to adapt this same 
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RLEERE MOTOR pated by air friction and disintegration, and the 
| | 


whole of the discharged water descends in a form 
which can be likened to a heavy rain shower. 
Pressures are virtually balanced with the result 
that there is no tendency to slam shut and only 
a small amount of power is required for operation 
These advantages are produced by the fact that the 
outer cylinder, which regulates the water flow, is 
in perfect balance from radial pressure and the 
axial thrust on this cylinder is very small since 
the only area under this pressure takes the form 
of a thin ring. Hence the regulating cylinder 
moves steadily under a light force and the 
Lg RETURN MOTION GEAR streamline form of dispersing cone ensures maxi- 
mum discharge capacity and effective diffusing 
action at any opening. A small force suffices to 
keep the cylinder tightly closed against the fixed 


seating ring. 
|- CONSTRUCTION. 


DIRECTION 
OF FLOW 


It is usual to make the regulating cylinder or 
piston and the seating ring of stainless steel, and 


the main body of cast steel or cast iron, according 


to its size and the head to be catered for. The 
strips attached to the barrel and ribs, on which 
: the cylinder slides, are made of rustless material. 
Fig. 2.—Hydraulically operated Streamline Diffusing Fig. 4 shows a typical cross section through a 

Discharge Regulator. dam and illustrates the method of installing the 


principle to the discharge of water from 
storage reservoirs or wherever it is 
necessary to regulate with safety the 
outflow of water past a dam. 1 


ACTION OF THE DISCHARGE REGULATOR, 


The Regulator consists of two con- 
centric cylinders and a streamline dispersing 
cone which is attached to the inner cylinder 
by radial webs. The outer cylinder or 
piston slides on the inner cylinder and 
closes the space between the latter and the 
cone. This construction is illustrated in 
Fig. 2 and also in Fig. 3, which shows a 
shop assembly of the regulator in a partially 
open position. When open the water is 
diverted by the streamlined dispersing 
member and is automatically discharged in 
the form of a hollow divergent cone which § ; 
spreads over a rapidly increasing area. 
Thus its effective energy is quickly dissi- Fig. 3.—Shop assembly of Cylindrical Balanced Regulator. 
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OUTLET PIPE 


© STREAMLINE 
RECULATOR 


Fig. 4- 
of installing an 
Discharge Regulator. 


Cross Section through a Dam showing method 
“English Electric’? Streamline 


discharge regulator; the inner body is rigidly 
bolted. to the downstream section of the outlet 
pipe which is buried in the face of the dam. 

The whole regulator, or any of its component 
parts, can be easily removed by lifting tackle 
located on a control platform and it may be 
emphasised that the weight and number of the 
component parts is less than with any other type 
of discharge regulator. 

METHODS OF OPERATION. 

The discharge regulator can be either hy- 
draulically, electrically or mechanically hand- 
operated. In the case of hydraulic operation, the 
regulator is surrounded by an outer casing of cast 
steel or cast iron which forms the servomotor 
chamber and operates the cylindrical piston. 
Sealing of the servomotor chamber is effected by 
vulecanised rubber pads of standard cross section 
and these are kept against their working surfaces 
by water pressure and leakage past the piston is 
thus prevented. 

The control gear is mounted on the outer casing 
and consists of a distribution valve with return 
motion or compensating gear which prevents 
creeping of the piston and enables it to be held 
at any desired opening. Thus if the piston moves 
even to the slightest extent water is admitted 
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to the servomotor, the motion is arrested, and 
the piston is returned to its original position. 

In normal cases the regulator is operated by ¢ 
handwheel but an electric motor can be substi- 
tuted when desired in order to give remote 
control. In the latter case control is sometimes 
effected by means of a float which rises or falls 
with the reservoir level. Fig. 2 shows a regulator 
for hydraulic operation with distribution valve 
and servomotor and alternative control by hand- 
wheel or electric motor. 

The mechanically hand-operated regulator is 
illustrated in Fig. 5 and is a very simple piece of 
mechanism. The cylindrical piston is provided 
with two external bosses for connection to the 
operating gear and sealing is effected by a rubber 
ring or pad which prevents leakage between the 
cylinder and the main body. 

The handwheel actuates, through gearing, a 
forked lever which is rigidly pivoted and linked to 
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Sketch of a Hand-operated 
Discharge Regulator. 


Fig. 4. 
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Fig. 6.—Shop Assembly of Hand-operated 
Discharge Regulator. 


the piston. Owing to the fact, already mentioned, 
that pressures are virtually balanced only a 
small amount of power is required for operation 
and the hand-control gear provides a large reserve 
to meet all conditions of closing and to force 
home the piston against its seat. The gearing is 
non-reversible so that the piston will remain at 
any desired opening. 

A shop assembly of a hand-operated discharge 
regulator is shown in Fig. 6 and the operating 
handwheel can be placed in any convenient 
position. 

ADVANTAGES. 

The ‘* English Electric’? Discharge Regulator 
possesses very considerable advantages which 
may be summarised as follows :— 

(1) Low Initial Cost—The compact and simple 
design of the discharge regulator, requiring 
no elaborate concrete or masonry, results in 
a low first cost. A plain anchor block at the 


110 


end of the discharge pipe is all that is 
necessary to keep the regulator in position. 
Durability and Low Maintenance Cost.—By 
using the best quality of material and 
workmanship, durability is ensured, and 
maintenance costs are reduced by making 
the sliding surfaces of stainless material. 
Thus rusting up is impossible in continuous 
operation or during long periods of shut- 
down. 

Ease of Dismantling.—The discharge regu- 
lator or any of its component parts can be 
readily removed by lifting tackle on the 
control platform and, as already pointed 
out, the number and weight of the parts 
compare very favourably with any other 
type of regulator. 

Absence of Erosion.—The danger of erosion 
of the bed of the river or channel into which 
the water is discharged is eliminated by the 
complete dispersion of its energy at every 
degree of opening. 

No Chattering.—The short path 
through the discharge regulator together 
with smooth streamline flow at all openings 
gives the maximum discharge capacity for 
the minimum dimensions and the complete 
absence of chattering is ensured. 

Balanced Closing Cylinder.—The balanced 
closing-piston or cylinder operates smoothly 
and will close the valve under all conditions 
because it is free from distortion, and is 
guided over the whole stroke by the cylinder 
and ribs of the inner body and moreover 
can be moved by light forces. 

Operating Gear.—The operating gear is 
entirely external to the regulator and can, 
therefore, be inspected without dismantling 
the latter. Both servomotor and handgear 
have an ample reserve of power which 
ensures perfect regulation at any opening 
as well as dealing with any emergency. 


(2) 


water 
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EXAMPLES IN OPERATION. 

The Company have many examples of their 
turbine relief valve and discharge regulator in 
successful operation, and two of the latter are 
illustrated in this article. 
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Fig. 7.—-Discharge Regulator partially open. 


Fig. 8.—Discharge Regulator fully open 
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Fig. 1 shows a general view of a 7 ft. 6 in. 
diameter discharge regulator in operation on a 
large dam in Australia. This regulator is located 
at the end of a 9 ft. diameter pipeline traversing 
the dam and passes 3,000 cubic feet of water per 
second under the highest head of 165 feet and 
1,860 cubic feet per second under the lowest head 
of 63 feet. It is hydraulically operated and in 
service the piston has proved remarkably steady, 
retaining any degree of opening indefinitely. 

Figs. 7 and 8 are further views of this regulator 
in operation, the former showing the water 
stream when the regulator is partially open and 
the latter when fully open. In Fig. 7 the scale 
can be judged by the man standing on the top 
of the anchor block. A large part of this 
regulator was manufactured in Australia to the 
Company’s designs by the Clyde Engineering 
Company and has been satisfactory in 
service that a duplicate valve for the second 
pipeline was subsequently ordered. Another 
interesting example of an “* English Electric” 
discharge regulator is shown in Figs. 9 and 10. 
These illustrate a 5 ft. diameter regulator installed 
on a dam in New Zealand and designed for heads 
varying from 102 ft. to 22.5 ft. Fig. 9 gives a 
general view of the regulator discharging from 
the face of the dam, the hand regulating column 


can also be seen, whilst Fig. 10 shows very clearly Fig. 9.—* English Electric’? Discharge Regulator 
the form and dispersion of the jet. 


Fig. 10.—Spreading discharge of a Diffusing Discharge Regulator. 
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The Use of Nomograms in Engineering Design. 


By L. C. HOOKINS, A.M.I.Mech.E., Steam Turbine Department. 


The use of curves plotted in cartesian co- 
ordinates is often resorted to for the rapid solution 
of frequently-used formule, and this method— 
widely used to save time in engineering practice— 
serves the purpose admirably in cases where only 
two variables are concerned. As the number of 
variables increases, however, such curves tend to 
become highly complicated and often prove 
cumbersome in use. In many of these cases 
nomograms, or alignment charts, will be found to 
be much more convenient. 

Although the principle of nomograms is well 
known, the application of these time-saving aids 
in drawing and design offices does not seem to be 
as common as might be expected. Not only do 
they save time, but, where the formule to be 
solved involve the somewhat tedious evaluation 
of various powers or roots, mistakes are less likely 
if nomograms are used. A case in point is that of 
spring calculations where, owing to the number of 
variables, the preliminary design usually entails 
several tentative attempts until a satisfactory 
balance between space available and spring 
stresses has been established. A suitable nomo- 
gram enables such trials to be made in a matter 
of seconds, and moreover with as near an 
approach to immunity from error as is humanly 
possible. 

The literature on the subject, while fairly 
extensive, in many cases does not go into 
practical detail, and a few examples of these 
charts which have proved useful in the Company’s 
Steam Turbine Design Office, together with brief 
instructions for the construction of 
typical specimens, will enable engineers who have 
not hitherto made use of them to construct charts 
suited to their particular needs. 


several 


Consider the equation 2 + y =z. x, y and z 
being variables. A graphical solution is shown in 
Fig. 1 where the three parallel axes are equi- 
distant, the two outer being marked off with 
equal scales representing values of x and y 
respectively, and the centre axis with a scale 
having double the value of x or y, i.e., if one unit 
of length on the x or y axis represents one unit 
of these variables then one unit of length 
represents two units of z on the third axis. A 
straight line such as XZY cutting the axes at 
those points and swung round about X to the 
position XZ, Y, will give the increase in the value 
of z due to increasing y from the value Y to Y,, 


x 


X 


Fig. 1.—Graphical solution of equation 
aty=2z. 


113 
> 


THE ENGLISH ELECTRIC JOURNAL 


x 


L 


fi 
114 


Take the equation ay =z; this may 

written in the form of a log 
x + log y = log z, which can be repre- 
sented by a nomogram of the type shown 
in Fig. 1, giving solutions direct, provided 
that suitable logarithmic scales, marked 
with the antilogs, are used. 


be 


- a The following rules enable the relative 

= positions and spacing of the axes, to- 

il wd po gether with the directions of the scales, 

al to be determined. The arrangements of 

al 7 axes and directions of scales shown in 

| Figs. 2 and 3 represent the equation 
x+y: in each case, but while in 

« 7] Fig. 2 the scales all run in the same 
direction, in Fig. 3 the aw scale runs 

g upwards and the y and z scales down- 

c= = wards. The flexibility given by these 
2 ia alternatives will be found valuable in 

Fig. 2.—Chart representing equation x + y= 2 (w & ¥ practical applications as they enable an 


scales in same direction). 


e.g., if the increment in y is two units while x 
remains constant, then the increase in z will also 
be two units. Similarly if the straight line 
XZ,Y, be swung about Y, to position X,Z7,Y,, 
the increment in X from X to X, is reflected in the 
increased value of z from Z, to Z,. Hence it will 
be seen the movement of the straight line from 
XY to X,Y, will give directly the corresponding 
increase in the value of z, from Z to Z,. In other 
words any straight line cutting the three axes will 
show on the centre scale the sum of the readings 
of the outer axes. 

The diagram also enables subtraction to be 
carried the equations 

The scales may be of any magnitude and run 
in either direction, but a little consideration will 
make it clear that the value and direction of two 
of the scales only may be chosen arbitrarily, the 
position of the third axis and the direction of its 


out as it represents 


scale then being fixed. 

The device as so far described would be of 
little importance but for the fact that this form 
of chart may be used for multiplication and 
division by using logarithmic scales, marked with 
the ordinary values of x, y and 2. 


arrangement to be chosen which will 

not only give a compact diagram, but 
will also avoid the possibility of one scale finally 
turning out to be of such small proportions that 


accurate readings are impossible. This can very 


_ 
£, 
— 
2 
c= 
£, t 
Fig. 3. Chart representing equation + y= & y 
scales in opposite directions). 
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easily happen, and it is worth while roughing out 
one or more alternatives before deciding on the 
final arrangement, and constructing the diagram. 


The relative values of the scales, and the 
spacing of the axes are given foc each case in 
Figs. 2 and 3 where “a” units of length 
= 1 unit of x, b = 1 unit of y, and c = 1 unit cf z. 

As regards the relative vertical positions of the 
scales; as will be 1ealized these may be calculated, 
but in practice it will be found more convenient 
to place two of the scales in any desired vertical 
relation, work out one numerical example, and 
then fix the vertical position of the third scale 
on its axis so that the result of the working falls 
on a straight line drawn through the chosen 
values of the first and second terms of the 
equation. 

Only equations containing three variables have 
so far been considered, and it has been shown 
that nomograms having three axes will give 
solutions of this class of equation. More than 
three variables can be dealt with, however, if 
their number is reduced .by combinations of 
terms and, in effect, combining several three-axis 
nomograms, each pair having one axis in 
common. This expedient and also the general 
methods of construction are best illustrated by 
a practical example such as, for instance, the 
formula connecting the torsional stress in a round 
solid shaft with the power transmitted, the 
diameter of the shaft, and the R.P.M. 

This is :-— 

4.31 x 105°P 
{[N 
where D = dia, of shaft in inches. 
P = Power transmitted in kW. 
f = Torsional stress in Ib. sq. in. 
N = Rev. per min. 
4.31 « 105P 
N 
Then the formula may be rewritten 
3 log D = log y — log f 
also log (4.31 « 10°P) = log y + log N. 
containing three 


Let y = 


Here are two equations 


variables each, one of which however is common 
to the two equations. Two nomograms therefore 


may be drawn on one sheet, one axis serving for 
log y and hence connecting the two portions into 
which the original formula has been divided. 
It should be noted, moreover, that as actual 
values of y are not required to be known, there 
is no need to show any scale on this line, the only 
requirement being that it must be in the correct 
position relative to the remaining axes. In fact 
it merely acts as a reference line connecting the 
two portions of the complete nomogram. 


Assuming that the diagram is to embrace 
values of D from 1 to 20 inches, N from 1,000 
to 10,000 r.p.m., and f from 1,000 to 10,000 
lb./sq. in., a few trials might lead to the arrange- 
ment shown in Fig. 4 which is reasonably spaced, 
with fairly open scales, and the range of power 
covered is comprehensive. 


The first portion of the nomogram consists 
of axes for D, y, and f similarly disposed to 
x,zand y, Fig.2. The unit of length in the full size 
original diagram is the centimetre and the scales 
and spacing are shown in Fig. 4. It must be 
noted that while one unit of D, i.e., from log 1.0 
to log 10, is represented by 15 centimetres, the 
actual scale of D is one-third of this (a = 5) since 
any point on this line represents 3 log D, i.e., D®. 


Another point to be noted is that, although it 
is not necessary to show any scale on the y axis, 
as values of y are not required to be read off the 
diagram, a scale must nevertheless be deter- 
mined when constructing the diagram, because it 
must be known in order to calculate the scales 
and positions of the remaining axes. Also since 
the y axis is common to both portions of the 
diagram, its scale must also be the same, and must 
be known, in order to construct the second half 
of the diagram. 


A constant multiplying factor may be ignored 
when constructing a nomogram of the type under 
consideration, for instance, the constant 
4.31 105, because the scales being logarithmic 
the only effect of such a constant is to affect the 
vertical position of the relevant scale. This 
influence, of course, is automatically allowed for 
when fixing the vertical positions by means of a 
numerical example. 
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Fig 4.—Nomograms for giving direct readings of the formula connecting the torsional stress in a round 
solid shaft with the power transmitted, the diameter of the shaft and the r.pom. 


A most important point to be observed when 
using this class of diagram is that it is not 
permissible to read from one portion of the 
nomogram to the other except through the 
instance, 


common reference line; for when 


making use of Fig. 4, rational results will not be 


obtained if an attempt is made to connect 
directly the f and kW. axes. The axes grouped 
together in the calculations must be used 


together, the inter-connection being made through 
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STEAM TURBINE STAGE 
RELATION BETWEEN :- 
HEAT DROP ACROSS STAGE (87.U/LB.OF STEAM)___H 


MEAN DIAMETER OF STAGE (INCHES). D 

N 

RATIO OF BLADE SPEED TO STEAM SPEED 


H= ( 51300 ye.) 
log ¥ = 2logD+ 2logN 
log ¥ = logH +2l0g(51590“/c.) 


Fig. 5.—Relation between steam and blade speeds in a steam turbine stage. 


the common reference line only. One way of 
ensuring that this stipulation is adhered to is to 
surround the distinguishing headings of one 
portion by circles and of the other portion by 
squares, the heading of the common reference 
line being inside both a circle and a square. This 
system has been followed in all the examples 
shown here. 

The markings shown on the reference line are 
purely arbitrary and have no relation to the 


scale of y, but are merely provided to avoid 
having to pencil mark this axis each time the 
diagram is used. 

Suppose the diameter of a bearing journal is 
required, which is to transmit 5,000 kW. at 
3,000 r.p.m. with a torsional stress of about 
3,500 |b./sq. in. The solution of this problem is 


shown by the cross lines in Fig. 4, the power and 
r.p.m. being first linked up to give a reading on 
Then a straight line pivoted 


the reference line. 
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Nomogram for Round Wire Springs, where s= stiffness (lbs./inch), «= Wire Diameter (inches), 


D= Mean Diameter of Coils (inches), N=No. of Active Coils. 


about this point, intersecting the stress axis at 
3,500 Ib./sq. in. and produced to cut the diameter 
axis, will give the answer 5{ in. diameter. If the 
last intersecting line be kept in place on the 
reference line while reading off the diameter, it 
is a matter of only a second or two to swing the 
line to the nearest standard size of bearing and 
read off the stress which that size would have to 
bear. 

Other examples of charts are given in Figs. 5, 
6 and 7, and in the case of Fig. 5 the method of 
construction is shown. They call for no particular 


comment with the possible exception that 


Figs. 6 and 7 could be combined on one chart, 
which however would entail a reduced scale if it 
were desired to use a standard sized sheet of 
paper. 

Once the various scales have been determined, 
the most convenient means of marking them out 
is to use log paper laid at such an angle to the 
axis that the length log 10 on the paper covers 
the length log 10 has to occupy on the axis. The 
intermediate markings can then be projected 
directly on to the axis. 

When using the diagrams it will be found that a 
line scribed on the underneath surface of a strip 
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Fig. 7.—Nomogram for Spring Stresses. 


of celluloid is easier to read from than a straight 
edge. 

The simple type of nomogram here described 
will suffice to cover most needs in an engineering 
design office, but any whose problems demand 
the use of more complicated forms are referred 


to “ Nomograms in Electrical Engineering,” 
R. O. Kapp, Journal of The Institution of 
Electrical Engineers, May, 1936, and to The 
Handbook of Engineering Fundamentals (Esh- 
bach), as two sources of information. 
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WATERPROOF DRAWING INK 


Sheer merit has won this ink the esteem it enjoys to-day. 
It possesses exceptionally free-flowing qualities — yields 
solid, light-resisting lines will not jellify or clog 
the pen —does not readily evaporate in the palette. 
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FOR YOUR NEXT COIL WINDING JOB— 


Specify the new 


Pure Glass insulation - Flexible 
Resistant to Acids, Oils, etc. 

Operates at temperatures which would 
quickly destroy other types of insulation 
High Dielectric strength - Winding and Handling normal 
Good Space Factor . Available in sizes ‘010"”—-080" 


Write for Samples and Technical details to : 


THE LONDON ELECTRIC WIRE COMPANY and SMITHS LIMITED 
CHURCH ROAD, LEYTON, LONDON, E.10 
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PRINTERS TO SCIENTIFIC AND LEARNED SOCIETIES 
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AND MONTHLY JOURNALS. SCIENTIFIC PUBLICATIONS. 

CATALOGUES. SHOWCARDS. STATIONERY of every description. 
LOOSE LEAF FORMS AND SHEETS 


All classes of BINDING 


a 
4 \ z 
is 

Ok 
USHOPSGATE 
S 
| 
| 

| 

| 


December, 194! 


THE ENGLISH ELECTRIC JOURNAL IX 


CONDENSER TYPE 


: 
; 
6 
> 


Hast all 


‘ENGLISH ELECTRIC’ 
DYNAMOMETERS 


Reliability in the air depends 
on accurate testing in the 
factory. 


The English Electric Company 
are specialists in the design and 
- manufacture of electric Dyna- 
mometers for testing internal 
combustion engines. These 
machines are invaluable in ob- 
taining data in the experimental 
stage of anew design of engine, 
and for testing under production 
conditions. 


May we have your enquiries? 


THE ENGLISH ELECTRIC CO LTD 
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‘ENGLISH ELECTRIC’ 
metalclad 


CLASS OLC 


Class OLC metalclad drawout oil circuit 
breaker units are fully tested in accordance 
with B.S.S. 116/1937, and have ratings up 
to 150 MVA, 800 amperes, and 11,000 
volts, the panel centres being only 21”. 


Isolation is exceptionally easy and the 
design includes mechanically-secured 
bakelised-paper bushings, totally-enclosed 
“straight line” link operating gear, and 
for the higher ratings De-ion Grid 
contacts. These and many other features 
of interest are described in Publication 
No. R.46A, a copy of which will be sent 
with pleasure, upon request. 
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Each of the Member firms of 
Associated British Machine 
Tool Makers Ltd. specialise 
in the manufacture of par- 
ticular types of machines thus 
providing a unique manufac- 
turing and sales service. 

The range of products covered 
is very extensive and fulldetails 
will gladly be sent on request. 


NS 


All over the world ABMTM 
machine tools will be found 
giving first-class perform- 
ance, lasting satisfaction and 


years of uniform accuracy. 


JAMES ARCHDALE & BIRMINGHAM 


THE BUTLER MACHINE TOOL HALIFAX 
THE CHURCHILL MACHINE TOOL (°C? MANCHESTER 
KENDALL & GENT (1920) MANCHESTER 
JOHN LANG & SONS JOHNSTONE GLASGOW 
J PARKINSON & SON SHIPLEY YORKS 


GEORGE RICHARDS & MANCHESTER 
WARD & BIRMINGHAM 


ASSOCIATED BRITISH MACHINE TOOL MAKERS LIMITED 
_ HEAD OFFICE \7 GROSVENOR GARDENS LONDON SWI. 
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